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The platform is a co -creative innovation initiative in which city users
collaborate with researchers and practitioners to design, experiment with,
and evaluate solutions for safer, healthier, and more inclusive built
environments.

#Healthy_City
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Integrates interdisciplinary

"' N perspectives and sustainability -
. oriented thinking, considers
diverse cily users, and engages
with pressing socielal challenges
fo enhance resilience.
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*"UCS - URBAN AND COMMUNITY SAFE
RESEARCH

We create digital tools and data analysis, including GIS, Al models,
sensors, and virtual reality, while testing real -world interventions to
defect patterns and analyse how the built environment influences safety,
active mobility, inclusion and health under existing and future scenarios.

world testing, and a strong city -
user perspective, the platform
bridges research and practice

fo generate knowledge for
evidence-based interventions
and strengthen urban resilience.
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Before and after ...
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Ceccato (2022)
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3D Digital Twin
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2 Experiment in virtual reality (VR) scenarios

Banestt

h
11 Akalla Ftwenrs

ss | Riss

~ Look around, to the left and right, =
observe the surroundings!

A Plattformar Bas

n Plattformar Dimmad

+  Plattformar Blandad . i ) o Y VA X : et
position 1

How does the lighting look here?
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w=p Virtual reality + safety of city users

I

Yes. They felt less safe/secure than those visually able.
For example, the safety scores for the non-visually impaired group range

from 2.522 to 3.013, while the scores for the visually impaired group tend to

be lower, ranging from 1.944 to 2.936.

35

In entry spots, they felt

less safe in orange-blue
spots than in the baselinclieh
spot (normal light). 9
Differences between
station and VR
20 experiment.
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The system was operated using a mobile Wi-Fi modem and smartphone integration

Lara Reis Rodrigues

& Profa. Ana Paula
Larocca

University of S&o Paulo,
Brazil

| K bl Universidade de S3o Paulo
Portal USP Sao Carlos
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CS - List of research projects

TEORETISK Pratshanteringste
MODELL

s
( Do place managers matter for safety?, Forsakringar, 2023-2025
(| |

Assessing the importance of light conditions for safety in transit environments: Fieldwork experiments
and virtual reality scenarios (VR). Region Stockholm, 2023 — 2024

Sensoring_safety_perceptions in and around Kista: A temporal perspective of place users, 2023 — 2024

Rural perspectives on crime and justice: A global analysis of victimization, safety and policing

The effect of the station environment for crime and passenger safety, Trafikverket, 2021-2023 |
Swedish]

Al_built environment and patterns of safety perceptions in Stockholm, the project is part of Senseable

Stockholm Lab, 2021-2022

p 0:037/0:46

Development of remote analysis data use for planning safe environments, FORMAS, 2020

Under what circumstances does cannabis use and trafficking occur?, Region Stockholm, 2020-2021 fin

Swedish]

Promoting security in the library’s environment: An evaluation of Hégdalen's model, BrotisiGrebyggande

radet, BRA, 2020-2021 [in Swedish]

Criticism,_crime and threats against Swedish animal production, the Federation of Swedish Farmers.
LRF, 2019-2021

Blue Light in Green Surroundings: Challenges and opporiunities for emergency and rescue services in
Sweden, FORMAS, 2019-2022.

Transit safety among college students: An international study, 2018-2020
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What lies behind the research?

- Data & Methods for Crime
Science
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Data for safer places

From the city to the building — integrating data for crime
science

loannis loannidis

Urban and Community Safety Research Group - KTH Royal Institute of Technology

Session: Urban Environment, Place Management and Safety
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“gﬁﬂ% Crime science runs on data

Evidence-based = data-dependent

0-0-0-0-0

Question Data Method Evidence Prevention

chosen together



fﬁ}lﬁ% Data we can operationalise

Police records

SCB / DeSO 9 Tyck till / Crowdsourcing

O

OpenStreetMap & Public Domain @ Remote sensing

Weather
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{ZTH% The databases we are building

Tlyeglipe

Stockholm - city - DeSO/Neighborhood - Street / Building

Linked places
Same places - DeSO - building - over time

Crime & citizen reports
Police data - Tyck till

Weather

Temporal conditions

Teaching

Students learn to build these datasets

Population
SCB / DeSO

L GDPR
Land use & activities ‘ﬂ Agreements - pseudonymisation -
OpenStreetMap & Public Domain Data 4aa g . P y
aggregation

Physical environment

RS imagery - buildings - vegetation - night

lights . .
Detail Privacy

part of the method choice
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%}ﬁ
RS Data — from a Worldwide picture to targeted prevention

RS layers

SEESE KR .

— AR L4
Hot-spots i ‘I' — g

Coverage ML fusion - GeoAl Action
Worldwide and temporal picture without Raw RS - prediction Risk maps for targeted situational
costly fieldwork prevention

+ police - Tyck till - OSM - SCB - weather

Foundation models: fewer labels

e Prediction # explanation @ Bias in = bias out @ Transparency




by

e?ﬁg&me
ZXKTHE

VETENSKAP %
28 OCH KONST 2%

I

loannidis et al. Discover Cities

(2025) 2:122

https://doi.org/10.1007/544327-025-00171-2

. 2
Random forest modelling of remotely sensed ==

land cover data to identify crime hot spots
in urban areas

loannis loannidis'®, Andrea Nascetti'®, Vania Ceccato'(® and Robert P Haining?

*Correspondence:

loannis loannidis

ioannisi@kth se

'Depaltment of Urban Planning
and Environment , KTH Royal
Institute of Technology , Stockholm,
Sweden

?Department of Geography

. University of Cambridge,
Cambridge, UK

Discover Cities

Publication examples

Cartography and Geographic Information Science

ISSN: 1523-0406 (Print) 1545-0465 (Online) Journal homepage: www.tandfonline.com/journals/tcag20

@ Taylor & Francis

Abstract
This study evaluates the effectiveness of integrating high-resolution remote
sensing (RS) data with machine learning (ML) technigues to identify criminogenic
environments in urban areas. We employ an unsupervised I1SO clustering method to
classify land cover from aerial imagery, thereby capturing fine-scale environmental
details that are often overlooked in traditional analyses. These clusters are linked
to both crime and non-crime events through a presence/absence (case—control)
framework, a methodology adapted from species distribution studies, which enables
a micro-environmental examination of crime locations. In addition to RS-derived
land-cover predictors, the study incorporates socio-ecenomic and demographic
variables, as well as a centrality indicator that proxies the intensity of urban activity.
A Random Forest classifier is utilized to model the likelihood of street theft incidents
based on these predictors. The model achieves robust performance, with an F1-
score of 0.88+0.03 as determined by K-fold cross-validation. To enhance model
interpretability, SHapley Additive exPlanations (SHAP) is applied. The findings of this
research demonstrate that integrating RS data with ML techniques offers a valuable
tool for identifying and mapping criminogenic environments. The resulting risk map
of Stockholm highlights key urban areas with elevated street theft risk, offering
qguidance for targeted crime prevention and urban planning strategies. While our
workflow simplifies some technical steps compared to other RS+ML pipelines, it still
requires GIS and ML competence to implement effectively. This approach reduces,
but does not eliminate, sensitivity to spatial unit choice (MAUP) and spatial data
dependencies.
Highlights
+ Characteristics of the urban environment extracted from remote sensing data
help to predict criminogenic environments for street theft.
Development of a case-control methodology, studying crimes as point events to
minimise the effects of the Modifiable Areal Unit Problem (MAUP) while linking
each crime event to the characteristics of its immediate area.
Random Forest models can accurately detect criminegenic environments of
street theft.

Using remote sensing data to derive built-form
indexes to analyze the geography of residential
burglary and street thefts

loannis loannidis, Robert P. Haining, Vania Ceccato & Andrea Nascetti

To cite this article: loannis loannidis, Robert P. Haining, Vania Ceccato & Andrea Nascetti
(2025) Using remote sensing data to derive built-form indexes to analyze the geography of
residential burglary and street thefts, Cartography and Geographic Information Science, 52:3,
259-275, DOI: 10.1080/15230406.2023.2296598

To link to this article: https://doi.org/10.1080/15230406.2023.2296598

a © 2024 The Author(s). Published by Informa E View supplementary material &'
UK Limited, trading as Taylor & Francis
Group.

@ Published online: 23 Jan 2024. CJ Submit your article to this journal £

. Y
Article views: 3084 h View related articles '

@ ew Crossmark data (2" EE' Citing articles: 7 View citing articles (£

Tunnelling and Underground Space Technology 159 (2025) 106482

Contents lists available at ScienceDirect

Tunnelling and Underground Space Technology
incorporating Trenchless Technology Research

journal homepage: www.clsevier.com/locate/tust

Graffiti in pedestrian tunnels: A comparison of police records and

crowdsourced data in Stockholm, Sweden

Vania Ceccato * ¥, loannis [oannidis *®, Marcus Felson "

= UCS, Urban and Community Safety Researeh Group, Deparmment of Urban Plarming and Environment, KTH Royal Instieurs of Technology, Stoekholm, Sweden

® Tevar Stare University, USA

ARTICLEINFO ABSTRACT

Keywords: Using 1281 pedestrian tunnels scattered over Stockholm, Sweden's capital, we investigate the nature and dis-
Artwork tribution of graffiti in three types of underpasses (pathways, cycleways, and stairways). Combining crowd-
Gramn sourced data and police records, we compare graffiti levels and geography using fieldwork inspections,
s;:j“:::f da i dels, and i ion Systems (GIS). The findings indicate that graffit recorded to the
Sty police is present in only a quarter of the pedesirian tunnels, suggesting that recorded practices are concentrated
Underpasses. in specific underpasses. Graffiti is more commonly found in larger tunnels, particularly eyeling underpasses.

‘Subsurface spaces

Proximity to metro stations, schools, and the presence of young males in the area are factors linked to graffiti

occurxence, although not consistently. These results highlight the complexities of relying on graffiti records for

public space

the challenges face in aligning the maintenance of pedes-

trian tuancls with urban sustainability goals.

1. Intreduction

Managing graffiti in public spaces is a challenge. This article focuses
on graffid in public underpasses, commonly called “pedestrian runnels”
in Sweden. These “subsurface spaces” (V t al, 2020) include
footpaths, stairways, and cycleways and are often designed to enable
pedestrians and cyclists to access underground crossroads, stations,
parking lots, and other key locations. Our study is based in Stockholm,
the capital of Sweden, where road related facilities, such as pedestrian
tunnels, are frequently targeted by graffiti. These incidents are docu-
mented either by the police or through a crowdsourcing app that allows
citizens to report occurrences, share opinions, and provide suggestions
‘on various urban issues.

In a paradoxical incident in the summer of 2023, a call to the police
reported that a public underpass, or a “pedestrian tunnel”, as we call it,
was vandalised. However, upen the police’s arrival, it was revealed that
the graffiti was a summer artwork project by young people commis-
sioned by the municipality as part of the youth job programme. This
incident serves as an example of the starkly different perceptions of
graffiti in ian cunnels and the chall of satisfying conflicti

context of graffiti as an art expression. Pedestrian tunnels, often found in
urban environments, provide a somewhat protected space from the el-
ements and the public eye, making them atiractive sites for graffiti and
an obvious place for display (Ceccaro et al.,, 2025). The Oxford Dictio-
nary defines graffiti as “drawings or writing done on a wall, in a public
place without permission.” However, this definition falls short of
capturing the full spectrum of graffiti. Not all scribble on a wall is
arrwork (often called tags), yer we know lirtle about what makes people
complain about graffiti as physical damage to public property. The eye
of the beholder is a phrase that is fitting in the case of graffiti because
‘something’ in this case is 2 marter of personal opinion, even if it is done
with permission.

Graffid incidents are conventionally reported to the police, regard-
less of where they occur. More recently, mobile apps have provided a
convenient, quick means of information sharing and the opportunity to
upload photos of incidents. This information is then relayed to urban
planners and technicians responsible for the city’s maintenance. In
contrast, police reports ensure official documentation and potential
legal follow-up. However, despite these reporting methods, we still have

urban sustainability goals.
Graffiti in pedestrian tunnels holds a unique position in the broader

2 limited ing of haw graffiri is reported, highlighting the need
for further research in this area.
Graffiti plays a significant role in underground space design,
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What environments feel safe -
and how do we measure it?

Fear of crime and safety perceptions in
Crime science
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Fear of Crime in the built environment

CRIME = FEAR OF CRIME

Places that have low crime rates can still be perceived as unsafe due fto, for
instance, the physical and social conditions of the built environment
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To Measure Crime vs Fear of Crime

CRIME

"OBJECTIVE"

Legall fi
egally defined r;‘:@ Crime events/rates

/4

Police records

Defined time and
place

What counts as evidence?

Fear of what
exactly?

Where?

XY-coordinates?
Time-stamps?

FEAR OF CRIME

SUBJECTIVE

R Surveys?
S .
.t Interviews?

Data sources?

Intensity vs frequency?

What tools do we have to measure fear?
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52} Al and street view images for a spatial measure of safety

Vilken av miljéerna kdnns mest trygg?
Var vanlig klicka pa bilden som kanns mest trygg.

Visar 1 av 10

%2 ~4000 Street View images

D F W Training of deep

learning/computer vision
model

Model predicts the GSV -
images’
Perceived Safely Score

Citizens Survey:

Perception of GSV-images

panel “Most Safe”/ "Most Unsafe”

based on survey rankings

~2400 respondents
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A map of perceived safety

Low safety score

g

High safety score




Assessing differences in safety perceptions using GeoAl and survey across

&ﬁb neighbourhoods in Stockholm, Sweden

%g? Q%"’ a,c b . b e a e
§Z} KTH SZX? Yuhao Kang *‘, Jonatan Abraham ", Vania Ceccato ’, Fabio Duarte ™ , Song Gao ",
B Verenskar & Lukas Ljungqvist”, Fan Zhang°, Per Nisman ”, Carlo Ratti®

@8 OCH KONST 2%

? ble City Lab, h Instinute of Technol United States
QQ%X%?% ® Senseable Stockholm Laboratory, KTH Royal Institute of Technology, Sweden
© Geospatial Data Science Lab, Department of Geography, Uni of Wisc United States

“ Department of Civil and Environmental Engineering, Hong Kong University of Science and Technology, Hong Kong, China

Comparisons with other safety indicators

Al Safety Score Stockholm Safety Survey Differences between measures

Survey-based Safety Perception Perceptual Difference

GeoAl-based Safety Perception
-3.06, -1.08 -2.39, -0.92 ® -3.86-110
-1.08, -0.34 -0.92,-0.21 ® -1.10 -0.42
-0.34, 0.07 -0.21, 0.14 -0.42, 0.14
@® 007 058 0.14, 0.44 0.14, 0.58
@ 058 110 A 0.44, 0.76 A 0.58, 0.93
. ® 110 167 @® 076 196 0.93, 3.14

y o
. < & A A\

Global, Instant, temporary impressions Local, long-term, experiences Perceptual difference
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ANNALS OF THE AMERICAN ASSOCIATION OF GEOGRAPHERS
2025, VOL. 115, NO. 7, 1613-1633
hpsffdoi.on/10.1080/24696452.2025 250199 3 OPEN ACCESS | ™ Shesk tox updaias

Crime and Visually Perceived Safety of the Built
Environment: A Deep Learning Approach

Jonatan Abraham,’® Yuhao Kang,"® Vania Ceccato,’® Per Nisman,"[® Fibio Duarte “® Song
Gao, ® Lukas Ljungquist,’® Fan Zhang,°® and Carlo Ratti®®

Comparisons with other safety indicators

Hot/cold spots of safety vs crime

Spatial significant clusters
Total Crime

Not significant (337) =
High (23) m
Low (28) (]
N/A

Spatial significant clusters
Perceived safety score

Not significant (270) [
High (62) (|
Low (56) [
N/A

Spatial significant clusters

Street Theft

Not significant (310) (]
High (26) |
Low (52) |
N/A 2

Spatial significant clusters
Violent Crime

Not significant (321) —J
High (23) m
Low (44) [ |
N/A

Spatial significant clusters

Vandalism

Not significant (336) -
High (22) [
Low (30) |
N/A 77,
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understanding of safety

Places you feel are unsafe (Day)

® Residents (N=16)
@ Visitors (N=16)

Places you feel are unsafe (Night)

@ Residents (N=60)
@ Visitors (N=37)

1000 2000m 1000 2000m

Later in the day



Private A|

Each context has

: Building

different users,

stakeholders and

3 - Semi-public responsible owners,
= and different

| conditions for crime P r——
and fear eighborhoo
- B

Public g f
‘

Rural City
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Who makes places safe?

- Place managers, crime, and
safety in the residential building




W= Creating safety over time

How a place is being managed over fime is an
important aspect of creating safe spaces

Place management:

The practices involved in shaping, maintaining, and
governing a place to influence how it is used and
experienced.

Neighborhood

Place
manager

City




We know that crime concentrates to certain places
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et @Xperiences of place management

100% Stockholm Vaxjo
Both between buildings |
T
o
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What effect does management have on safety and victimisation?

Using our index of residents’ experiences of place management, we found a correlation
with both victimisation and perceived safety!

e
e ) @ Stockholm Total
Victimisation o
2,85 Vaxjo Total
A Gamla Norr Tenant-owned B  Stockholmrentals
A Stockholm Tenant-owned

2,75
—_ i @ Vaxjorentals
© Krékan
- Tenant- A  Vaxjo Tenant-owned
S sos | e AT ured AraTenan: ’
- Tenant- A owned Trendline (Total)
= owned
_4? F . Bagarmossen
T ruange -
% 2,55 Tenant-owned Rz =0,1457
N Rinkeby/Tensta A . Arsta
[ Tenant-owned )
e | e Soédermalm Tenant- A
o | e d rsta
W 245 Sodermalm owne M Rental
c Skérholmen P TP

-,ﬁ Im e,
g Tenant-owned Sogz‘:?:l meo e I?agarmossen
] e Krakan | ""teeeel,
3 ®- S e
g 2,35 Rinkeby/Tensta o GamlaNorr  "Tttteenl
Rinkeby/Tensta Skarholmen ] B_ Bagsrm?slsen
Rental [l Fruangen Skérholmen enta
2,25 Rental Rental Gamla Norr rental
q— Krékan rental
2,15
0,10 0,15 0,20 0,25 0,30

Self-reported crime victimization (share)

Place management quality (index 1-3)

2,85

2,75

2,65

2,55

2,45

2,35

2,25

2,15

a)

Gamla Norr Tenant- Safety perception ’ Total
owned B Stockholm rentals
K A Stockholm Tenant-owned
Krakan Tenant- Vaxjo rental
owned Fruangen

Vaxj6 Tenant-owned
Arsta Tenant-owned

y— Tenant-owned
Bagarmossen

O K smese Trendline (Total)
Tenant-owned ,
R?=0,5975
Rinkeby/Tensta
Fruéngen Tenant-owned
A Arsta ’ g [
Sédermalm Tenant- .- Arsta Rental Skarholmen
owned ’ Tenant-owned
Sddermalm Rmkeby/Tensta i
Skarholmen
Sdodermalm Rental
Skarholmen
Bagarmossen Bagarmossen .~ Rental
/. Rental .
Rinkeby/Tensta Rental Fruangen
Rental
Gamla Norr rental Krakan rental
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Share who feel unsafe
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VICTIMISATION PERCEIVED SAFETY

Social activities in the neighborhood Maintenance and upkeep
Fewer social activities in the neighborhood are associated with Poor physical upkeep of shared spaces is associated with greater
higher levels of vandalism and property crime victimization . feelings of unsafety. The same inboth Stockholm and Vaxjo.

Not significant in Stockholm but Strongest association

Maintenance & upkeep significant in Vaxjs* (+35-45% higher odds with poor maintenance )

Strongest association
Organized social activities Vandalism odds increased by 4.39 Less prominent
Property crime odds increased by 4.08

Unexpected inverse association;

Doors, alarms, CCTV, etc. . )
possible reverse causality

No key finding

Responsive & accessible manager Less conclusive Less conclusive

*results should be interprefed cautiously due to the
small number of building
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Managlng places requires knowing what happens...

A key condition for acting over time is a shared picture of incidents and safety problems

INCIDENTS —> INFORMATION —> ACTION/ —>  EVALUATION

INTERVENTION

In one of our studies of the Swedish railway system, we found that information was fragmented
and responsibilities were unclear, making coordinated place management more difficulit.
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Drugs_Rate
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Managing places requires knowing what happens...

...and the effect of the interventions

200 40
Actual and Synthetic Outcomes 1§0 i @
180 - £
140 ¥
20 - o
120 - %
@)
190 - %
4—»0 ] !G—J
1 B
2] &
40 - _ ké
b= oje
éo n ”StOppé
2010 2015 y 2020 2025 0O +————+—+—+—+—r—droghand@In”
il © A O 9O O N A D
Actual ————- Synthetic (19\ (19\ (19\ (19'\ (19(1/ (19(1/ (19(1/ (19(1/

=@=0trygghet (N=681)

Place management is therefore not only about interventions but also learning and assessing

- Safe places require active place management over time.
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Summary

A callback from this morning:

‘Crime science is the application of scientific methods
and knowledge from many disciplines fto the
development of practical and ethical ways fo reduce
crime and increase security’

At KTH we incorporate crime science through:

Combining a range of data and applying mixed methods, from surveys,
Interviews and GIS mapping to virtual reality and deep learning, fo analyse
crime and community safely in the built environment systematically

Drawing on criminology , urban planning, geography and other disciplines to
build an integrated evidence base for place-based crime prevention

Developing knowledge with and for practice , working with housing companies,
municipalities and other authorities to turn research into action
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Give us feedback!
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